The paper is concerned with the developing of an optical-electronic complex for visualization and quantification of the gas-liquid flow from the nozzle using the particle image velocimetry method depending on various flow parameters. Selection of optical elements for experimental research was based on the possibility of visualizing the flow, determining its type, opening angle, and also obtaining vector velocity fields in the plane under study, on the basis of which the gas-liquid flow drops velocities dependencies on the coordinates in given sections of the vector field were constructed.
Introduction
For a long time, numerous applications of nozzles in industry have been known. To date, there are methods for calculating nozzles and the results of theoretical and experimental studies used in various fields of science and industry, but it is often quite difficult in experimental studies to determine the flow parameters by contact methods [1] [2] [3] [4] [5] [6] [7] [8] . The solution to these difficulties can be the use of contactless optical methods which are widely used due to modern high-speed video cameras, lenses with various parameters, software and the rapid optical methods development for researching liquid and gas flows.
The particle image velocimetry technique (PIV) is one of the optical contactless methods of fluxes research, allowing to recorder instantaneous velocity fields in the measurement plane. The experimental data obtained using the PIV method will also make it possible in the future to simply determine the flow structure from the nozzle (full or hollow cone), as well as the jet opening angle [9] [10] [11] [12] . The use of the purposed technique can significantly reduce the time of the experiment, which often plays an important role in the complex technological processes.
The main aim of the work is to develop a contactless optical-electronic complex for the quantitative visualization of a dispersed gas-liquid flow, the production and processing of experimental images. Based on the images obtained, the nozzle type (full or hollow cone), the opening angle of the jet were determined, and the vectorial velocity field was obtained, the dependences of the velocities of the flow drops in various sections were plotted. 
Experimental setup
For the implementation of the experimental setup to the flow study using the method of particle image velocimetry, the presence of a laser sheet and tracers is necessary [13] [14] [15] . The light from the laser module passes through a cylindrical lens, which forms a diverging laser sheet, exposing the flow in a certain section. A blue diode laser with 450 nm wavelength and 1000 mW was used as a laser module.
To determine the flow rates, tracers are introduced using the spraying system for oils and other liquids, the speed of which determines the flow rate, but in this experiment drops from the gas-liquid flow itself appeared as tracers. The main criteria related to tracer are small size, spherical shape, and smooth surface. The recording of the stream propagation was carried out using a high-speed camera which registers the illuminated stream against a darkened background with a certain frame rate. We used a monochrome high-speed camera Fastec HiSpec 1 with a CMOS matrix, which allows obtaining images at speeds up to 506 frames per second at a resolution of 1280 × 1024 pixels. This model of a video camera has high sensitivity -3200 ISO and the ability to shoot up to 112000 frames per second. For the correct construction of the object under study vector velocity field, the number of recorded frames per second is at least 500. On the basis of the first series of experiments, the necessary parameters of the lens to obtain high-quality images were determined. The parameters studied at this stage include a sufficient lens aperture ratio (f1.2-close) and a focusing range (0.3 -infinity). A lens that satisfies all of the above parameters is the Navitar DO1212 with a focal length of 12 mm. The main task of the measurement system, the collection and processing of information during the experiment is to receive data from the camera, as well as registering the data (recording in computer memory). In addition, in real-time mode, the stream is displayed on the screen to select the required shooting parameters (recording speed, light quality, etc.). Further processing of the obtained data and analysis of the results of the experiment. Image processing allows calculating the displacement of particles between two successively recorded frames using cross-correlation analysis, which uniquely determines the flow rate in a given area.
Experimental data processing
Using experimental images (visually), it is possible to determine an equally important parameter -the type of jet from the nozzle. Figure 1 3 It was obtained that the injector being investigated is of a full cone type. Such nozzles are used to a greater extent for cooling in view of the fact that the force of the blow flow from it is significantly less than that of other types, and at the same time it allows the liquid to be evenly distributed on the surface of the cooled object.
The angle of jet opening was determined from the geometry of the jet due to the program JMicroVision. The method of determining the angle of jet aperture from the nozzle is shown in figure  figure 2 . To determine the reliable width of the flow, the JMicroVision program allows building a brightness distribution, which allows you to consider the brightness threshold of the flow structure to correctly determine the aperture angle of aperture In this case, the threshold corresponded to 25 (≈ 10 % of maximum brightness 255). And according to the graph of the brightness distribution in the section, the jet geometry was determined. Table 1 shows the obtained values of the jet aperture angle at pressures of flow in 2 and 4 bars. The jet opening angle from the nozzle for 2 and 4 bar is not significantly different and has values of 17 and 18 degrees, respectively. When conducting experimental studies, processing was performed to determine the quantitative flow characteristics from the nozzle. Using cross-correlation processing, the velocity field was constructed in the cross section of the gas-liquid flow from the nozzle. Processing was carried out using the PIVview program with the following parameters: polling area -64 pixels; step -32 pixels, 50% overlap, the algorithm for determining the correlation peak -3-point Gaussian approximation. The function of eliminating erroneous vectors was also applied. Baseline experimental data are shown in figure 4 . The result of constructing the vector velocity field is shown in figure 5 Figure 5 . The result of constructing the flow velocity field from the nozzle at a pressure of 2 and 4 bar (on the left -at a pressure of 2 bar, on the right -at a pressure of 4 bar) Figure 6 shows the lines for constructing the values of velocity in the cross section X and Y of the gas-liquid flow. According to the obtained values of the velocities of the flow drops, the dependences of the average velocity of the drops on the Z and Y coordinates were plotted. The dependences obtained are in good agreement with the data given in [16] . Dependencies for 2 and 4 bars pressure turned out to be similar. Considering the dependence of speed on the Z coordinate, it is possible to conclude that at the initial stage the flow is a zone of continuous liquid flow, then small particles slow down and begin to fall. Medium particles combine with each other and move, gradually acquiring greater speed, and then slow down and also fall down. The dependence of the velocity on the Y coordinate shows the asymmetry of the jet, since the velocity is different at different points of this section.
Conclusion
An optical-electronic device was developed to enable the dispersed flow quantitative visualization. The efficiency of the installation of high-speed visualization and quantification was tested at two flow pressures. Test and experimental images were obtained that are necessary for carrying out the algorithm of the PIV method. After analyzing the experimental data, it was found that the best for the experiment is a high-aperture lens. For this case, experimental images were processed, which were used to determine the jet opening angle, nozzle type, flow velocities distribution at two pressures, and dependences of the velocities of the flow drops in various sections were plotted. It should be stressed that this installation will need to be upgraded to study various nozzles types, which is related to the size of the droplets themselves, as well as the type of jet from the nozzles, but these improvements will not be global.
